We present nebular emission associated with 198 strong Mg ii absorbers at 0.35 z 1.1 in the fibre spectra of quasars from the Sloan Digital Sky Survey. Measured and their z evolution are consistent with those of galaxies detected in deep surveys. Based on the median stacked spectra, we infer the average metallicity (log Z ∼8.3), ionization parameter (log q ∼7.5) and stellar mass (log (M/M ⊙ )∼9.3). The Mg ii systems with nebular emission typically have W 2796 2Å, Mg ii doublet ratio close to 1 and W(Fe iiλ2600)/W 2796 ∼ 0.5 as often seen in damped Lyα and 21-cm absorbers at these redshifts. This is the biggest reported sample of [O ii] emission from Mg ii absorbers at low impact parameters ideally suited for probing various feedback processes at play in z 1 galaxies.
INTRODUCTION
Absorption line systems traced by Mg iiλλ2796,2803 doublet in the quasar spectra provide a direct tracer of cool, T ∼ 10 4 K, gas within gaseous haloes and circumgalactic medium (CGM) surrounding galaxies over a wide range of H i column densities, 16 log [N (H i) cm −2 ] 22 (Bergeron 1986; Churchill et al. 2000; Rao & Turnshek 2000; Rigby et al. 2002) , out to projected distances of ∼ 200 kpc (e.g., Kacprzak et al. 2008; Chen et al. 2010a,b; Bordoloi et al. 2011; Nielsen et al. 2013b ). The paradigm developed thus far is that the Mg ii absorbers are linked with either of the galactic-scale outflows originating from their host galaxies (Bouché et al. 2006; Tremonti et al. 2007; Weiner et al. 2009; Martin & Bouché 2009; Noterdaeme et al. 2010; Chelouche & Bowen 2010;  ⋆ E-mail: rjoshi@iucaa.in(RJ) Rubin et al. 2010; Lundgren et al. 2012; Bordoloi et al. 2014) , dynamical mergers or filamentary accretion on to galaxies (Steidel et al. 2002; Chen et al. 2010a; Kacprzak et al. 2010 Kacprzak et al. , 2011 Kacprzak et al. , 2012 Martin et al. 2012; Rubin et al. 2012 ) and high velocity clouds [HVCs] (Richter 2012; Herenz et al. 2013) . Thus Mg ii absorbers may be tracing different feedback processes that control the evolution of their host galaxies.
In efforts to determine physical properties of galaxies associated with Mg ii absorbers (hereinafter Mg ii galaxies), the rest-frame equivalent width (W2796) of Mg ii absorption is found to be anticorrelated with impact parameter (ρ), at ∼ 7.9σ level (Bergeron & Boissé 1991; Lanzetta & Bowen 1990; Steidel 1995; Churchill et al. 2000; Kacprzak et al. 2008; Chen et al. 2010a; Rao et al. 2011; Nielsen et al. 2013b; Kacprzak et al. 2013 ). This has led to the suggestions that the Mg ii absorption could originate from the extended halos of normal galaxies with unit covering factor c 2016 The Authors for the absorbing gas (see e.g., Petitjean & Bergeron 1990; Srianand & Khare 1994) . Recent studies suggest that the scatter in the W2796 versus ρ relationship could be further reduced if luminosity dependent radial extent of the gas is also taken into account (Chen et al. 2010a; Nielsen et al. 2013b ). On the contrary, search for Mg ii absorption from galaxies close to the QSO line-of-sight suggested that the gas covering factor is less than unity (Tripp et al. 2005; Barton & Cooke 2009 ). The Mg ii gas distribution may be patchy around galaxies with the gas covering factor decreasing with the increasing impact parameter (Chen et al. 2010a; Nielsen et al. 2013b) . While luminous galaxies are frequently identified at the redshift of the Mg ii absorption, question remains that what fraction of these systems are produced by undetected low luminosity galaxies at much smaller impact parameters (see figure 10 of Noterdaeme et al. 2010) .
The fibre fed spectroscopic observations, e.g., 3 and 2 arcsec diameter fibres employed in Sloan Digital Sky Survey Data Release 7 (SDSS−DR7; Abazajian et al. 2009 ) and SDSS−DR12 (BOSS, Alam et al. 2015) , register photons from all the objects that happen to fall within the fibre along our line-of-sight. This in principle allows detection of nebular emission associated with the absorbing gas (Wild et al. 2007; Noterdaeme et al. 2010; Borthakur et al. 2010; York et al. 2012; Straka et al. 2015) . Noterdaeme et al. (2010) have performed an absorptionblind search, i.e. without a prior information on absorption, of nebular emission features (e.g., [ O ii], [O iii] and Hβ ) and detected 46 [O iii] emitting galaxies at 0 < z < 0.8 on top of the quasar spectra (hereinafter refer to as GOTOQs), out of which ∼17 are Mg ii absorbers at z 0.4. The [O iii] luminosities of these systems are found to be less than that of an L ⋆ galaxy with a median luminosity of 0.2 L ⋆ [O III] and a typical star formation rate (SFR) in the range of 0.2-20 M⊙ yr −1 . Straka et al. (2015) have subsequently increased the number of known GOTOQs to 103 at a median z of 0.15.
A strong correlation is found between the [O ii] luminosity surface density (Σ [O II] ) and W2796 in the stacked spectra (Noterdaeme et al. 2010; Ménard et al. 2011 ). This relationship is also found to be evolving with redshift in the sense that a given W2796 seems to be associated with larger Σ [O II] at high-z compared to that at low-z. Ménard et al. (2011) have suggested that the Mg ii absorbers can in principle provide a new probe of the redshift evolution of the star formation rate density in a luminosity unbiased manner (however, see López & Chen 2012) . Increasing the number of direct detections over a large redshift range will allow us to address this more efficiently. With an aim to probe the nature of Mg ii absorbers we have searched for the nebular emission from Mg ii absorption systems by utilizing the unprecedented number of these systems found in the SDSS survey (Zhu & Ménard 2013 ). These direct detections will not only provide the largest sample to study Mg ii−galaxy correlation at low impact parameters over a large redshift range but also help us understand the origin of L [O II] versus W2796 correlation seen in the stacked spectra and its redshift dependence so that the utility of Mg ii absorbers as a new tracer of star formation in the Universe can be examined.
This article is organized as follows. Section 2 describes our sample selection criteria and procedure for detecting the nebular emission lines. In Section 3, using the repeat obser- vations of QSOs in SDSS-DR7 and SDSS-DR12 we examine the effect of fibre size on the nebular emission line detections. In Section 4, we present the absorption line properties of systems detected in nebular emission, the detection probability of nebular emission in Mg ii systems, and discuss the dependence of [O ii] line luminosity on W2796 and z. In this section details of observed nebular line ratio and their redshift evolution are also discussed. We also compare the properties derived based on nebular emission with those based on absorption lines. The summary of our study is presented in Section 5. Throughout, we have assumed the flat Universe with H0 = 70 km s −1 Mpc −1 , Ωm = 0.3 and ΩΛ = 0.7.
SAMPLE
In this work, we use the compilation of Mg ii systems from the expanded-version of JHU-SDSS Metal Absorption Line Catalog 1 (Zhu & Ménard 2013) , generated from the SDSS−DR7 and SDSS−DR12. In order to detect the nebular emission line features from the Mg ii absorbers, first we have ensured that the most prominent [O ii] and [O iii] emission lines are covered within the observed wavelength range of SDSS-DR7 (3800Å−9200Å) and SDSS-DR12 (3650Å−10,400Å) spectra. This criterion limits the redshift range over which [O ii] emission can be searched to 0.35 z abs 0.8 and 0.32 z abs 1.0 for SDSS-DR7 and SDSS-DR12 spectra respectively. This resulted in our primary sample of 11,000 and 37,000 Mg ii absorbers with Mg ii equivalent width (W2796) 0.1Å in SDSS-DR7 and DR12 catalog respectively, where we have searched for the nebular emission lines.
Search for nebular emission
For the redshift range of interest for the present study, the [O ii]λλ3727,3729 emission doublet is the strongest and most suitable nebular line that can be detected over a wide z range in a region free from the most crowded telluric lines (e.g., O iλ5577, O iλ6300, and OH lines). Also [O ii] is regarded as a good indicator of the ongoing star formation rate (SFR). For each Mg ii absorber, we search for the [O ii]λλ3727,3729 nebular emission lines at the expected location for z abs in the continuum subtracted spectrum. At first, we model the local continuum that includes the continuum light from both the quasar and the galaxy by a low-order (typically a third order) polynomial fit. The significance of the detection of an emission line feature is determined based on the signalto-noise ratio [SN R] (see, Hewett et al. 1985; Bolton et al. 2004 ) defined as:
here, fi is the line flux in ith pixel, σi is the flux error and ui is a Gaussian kernel, normalized such that Σi ui = 1, and its position and width given by the fitted line parameters. Any feature at the expected location of the [O ii] line with SN R 4 is considered as a positive detection in this work. However, identifications solely based on single emission line (i.e., blended [O ii]λλ3727,3729 lines) alone may lead to a high probability of false positives if the expected wavelength range is affected by (1) poor sky subtraction in the locations of strong sky lines and/or (2) a bad continuum fit around the broad and narrow emission lines of the background quasar. Therefore, to avoid such cases we have masked the regions around strong sky lines as well as narrow and broad emission lines from QSOs. In addition, any feature with a full width at half maximum (FWHM) less than the SDSS spectral resolution (∼ 150 km s −1 ) are manually checked and then removed if found to be spurious. tems are also different, preferentially at low-z. These differences could either mean (i) some observational bias against detecting [O iii] emission from high-z galaxies, for example the poor sky residuals or (ii) a redshift evolution in the
We come back to this is Section 4.6. The details of our sample are summarized in Nielsen et al. (2013a, and reference therein) . In particular, the Mg ii systems with nebular emission in our compilation probe very low impact parameters (i.e. ρ 12 kpc). In the literature only 6 galaxies associated with Mg ii absorbers are known at such impact parameters. In addition, nebular emission from 17 Mg ii systems are identified by Noterdaeme et al. (2010) in the SDSS fibre spectra. Eight of these systems are part of our sample.
Emission line parameters
We 
FIBRE SIZE EFFECT
Our sample of Mg ii systems that show nebular emission lines spans a substantial redshift interval, ranging from 0.4 to 1.1. In this range, the fibre with an aperture of 3 arcsec, used in SDSS-DR7 spectra, corresponds to a projected radius (i.e., an upper limit on the impact parameter) of ∼ 8.1 − 12.3 kpc. Similarly, the 2 arcsec fibre used in SDSS-DR12 corresponds to a radius of ∼ 5.4 − 8.2 kpc. Before performing different statistical analysis it is important for us to understand various possible biases introduced by the finite size of fibres used. For this we used the repeated spectroscopic observations of quasars in SDSS-DR7 and SDSS-DR12. Including the GOTOQs listed in Straka et al. (2015) we have found 39 cases with repeat observations using fibre of two different sizes.
In Fig shift. For this comparison, we consider only systems where the nebular emission line is clearly detected at least in one epoch spectrum. As expected the measured luminosities in the SDSS-DR7 spectra are higher than those of SDSS-DR12 spectra in several cases. Contrary to our expectation 18% of Mg ii systems at z > 0.4 show slightly larger luminosity in the SDSS-DR12 spectrum albeit within ∼ 2σ level. This is possible when there are issues related to centering of the quasars in the fibre during spectroscopic observations or effect of varied seeing between two epochs. In addition, there could also be issues related to flux scales, where SDSS-DR12 spectra tend to show excess flux in the blue. We consider the scatter in [O ii] luminosity ratio as the level at which we can not quantify the flux difference over the redshift range of our interest (i.e., 0.35 z abs 1.1), shown as dotted lines in Fig 4. It is interesting to note that the fluxes in the SDSS-DR12 and SDSS-DR7 agree within the 1σ uncertainty in most of the cases. It is clear from Fig. 4 that the fibre size effect is severe at low-z. Considering the 1σ uncertainty, the fraction of systems with similar fluxes in SDSS-DR7 and DR12 is found to be 8%, 42% and 50% for the three redshift range of z < 0. ( . It is quite possible that the line emitting region is partially covered by the fibre which leads to the lower L [O II] . This figure also demonstrates that the observed [O ii] luminosity in the SDSS-DR12 spectra could be underestimated by up to a factor of 3 due to fibre size effects.
Recently, Paulino-Afonso et al. (2017) have found the effective radius (re) of Hα selected galaxies (relevant for the present study) shows a mild decrease over increasing z. They measured a median size of re ∼ 4 kpc at z ∼ 0.4. If we assume this size for the nebular line emitting regions studied here then at z ∼ 0.4 all [O ii] luminosity from the galaxies within re will be observed only when ρ < 4.1 kpc and < 1.4 kpc in the case of SDSS-DR7 and SDSS-DR12, respectively. Therefore, if we assume ρ of our detections to be uniformly distributed within the fibre then only in 25% and 7% cases we expect fibre loss to be negligible in the case of SDSS-DR7 and SDSS-DR12 spectra respectively at z ∼ 0.4. However, at z ∼ 0.8 the median re ∼ 3.3 kpc. In this case we will detect full [O ii] nebular emission in ∼ 50% cases for SDSS-DR7 and ∼ 32% cases for SDSS-DR12. The probability of Mg ii galaxy in our sample not suffering the fibre loss, measured as ((r fibre −re)/r fibre ) 2 , as a function of z for SDSS-DR7 (solid curve) and SDSS-DR12 (dotted curve), are shown in the top panel of Fig. 4 . Here, r fibre is the projected radius of the fibre at the redshift of the Mg ii systems. We consider this as an upper limit as a detection can occur even when the impact parameter is slightly larger than the fibre (i.e. when r fibre ρ − re). It is clear from the above discussions that our measurements of nebular line luminosities are affected by fibre size effects and this effect has a clear redshift dependence.
RESULTS
In what follows we study the emission line properties of Mg ii absorbers and compare these with the properties derived using absorption lines.
Absorption line properties:
In order to see the fibre size effect on the absorption line properties, we first compare W2796, Mg ii doublet ratio (DR = W Mg IIλ2796 /W Mg IIλ2803 ) and W Fe IIλ2600 /W Mg IIλ2796 (defined as R) of the Mg ii absorbers with [O ii] detections in SDSS-DR7 and DR12 data set. Naively we would have expected the average W2796 to be slightly lower in the case of SDSS-DR7 as it also could have sightlines with slightly larger impact parameters due to larger fibre size. A two-sided Kolmogorov-Smirnov test finds no difference between the two subsets based on W2796, DR and R parameters with a null probability of being drawn from same parent distribution of PKS = 0.4, 0.2 and 0.4, respectively. The lack of any significant difference can be attributed to the flattening of W2796 vs ρ and possible scatter in this relationship. We come back to this in Section 4.8.
Next, we compare the distribution of DR and R of the Mg ii systems with and without detection of the nebular emission lines. At first, we found that all but 8 Mg ii systems detected in emission (both in DR7 and DR12) have W2796 1Å, with mean W2796 of ∼ 2.3Å and 2.4Å for the SDSS-DR7 and SDSS-DR12, respectively. In Fig. 7 (lower panel ), we show the distribution of W2796 from the Mg ii systems with detected nebular emission line with the overall Mg ii absorbers in our primary sample. It is clear from the figure that Mg ii systems with nebular emission are predominantly distributed towards higher W2796.
Using deep imaging of 7 Mg ii systems with [O ii] nebular emission at z ∼ 0.1 with ρ < 6 kpc Kacprzak et al. (2013) have argued that these systems are consistent with W2796 distribution of the Milky Way (MW) interstellar medium (ISM) and ISM+Halo. Following their approach, in the top panel of Fig. 7 , we compare the W2796 distribution of systems with nebular emission in our sample with those measured from different components of MW. For this, we use 71 Mg ii absorption lines produced by MW (ISM+halo gas) and 21 systems as halo gas identified along the sightlines of 83 quasars, observed in Hubble Space Telescope Quasar Absorption Line Key Project (Bahcall et al. 1993) , by Savage et al. (2000) . The W2796 distribution for the Mg ii systems with [O ii] emission, MW(ISM+halo) and MW(halo gas) is shown in the upper panel of Fig. 7 . In view of the fact that MW sightlines pass halfway through the disk/halo we have applied a correction factor of two in the W2796 for MW systems ). This figure clearly indicates that for a large fraction of Mg ii systems with [O ii] emission the Mg ii absorption tend to be strong and their distribution is closer to what has been seen for MW (ISM+halo). A simple two parameter KS−test confirms this. Using a photoionization modelling Srianand (1996) has shown that the Mg ii absorbers with R 0.5 trace systems with high N (H i), preferentially the Damped Lyα absorbers (DLAs) (see also, Rao et al. 2006; Gupta et al. 2012; Dutta et al. 2017) . Furthermore, Rao et al. (2006) have shown that the fraction of Mg ii systems that are DLAs increases with the W2796. In order to find if the Mg ii absorbers that show nebular line emission occupy any preferred location in the parameter space defined by the equivalent width ratios of metal absorption, we plot the DR versus R in Fig. 8 , for systems with and without nebular emission detection over various W2796 bins (i.e., 1Å, 2Å and 3Å). It is clear from the figure that among the strong Mg ii absorbers the systems showing nebular emission are preferentially having a small DR, close to unity, and the R parameter greater than 0.5, plotted as dotted horizontal line. These differences were also confirmed when we do the KS statistics.
Interestingly, Rao et al. (2006) have shown that the suc- (bottom panel ) detected in SDSS-DR7 (circle) and SDSS-DR12 (stars) fibre spectra. The fraction for Mg ii absorbers in SDSS-DR12 fibre spectra is given in the right side ordinates. detected in SDSS-DR7 (circle) and SDSS-DR12 (stars) fibre spectra, as a function of z. The fraction for Mg ii absorbers in SDSS-DR12 fibre spectra is given in the right side ordinates.
cess rate of identifying DLAs can be enhanced if one puts additional constraints based on other metal lines, e.g., R > 0.5 and W (Mg i) > 0.1Å. In recent efforts to detect cold gas in strong Mg ii systems, by using H i 21-cm absorption, it has been found that the detection rate of H i 21-cm absorption is about four times higher in systems with strong Fe ii at 0.5 < z < 1.5 (see, Gupta et al. 2012; Dutta et al. 2017) . For the average W2796 (i.e. ∼ 2Å) seen in our sample, the probability of Mg ii system being DLA is found to be ∼ 50% Rao et al. (2017, see their figure 2 ). In addition, the N (H i) versus W2796 relation by Ménard & Chelouche (2009) show that the GOTOQs belongs to the sub-DLA systems with log N (H i) of ∼20.1, albeit having a large scatter in N (H i) up to about 3 orders of magnitude. Therefore, a good fraction of our systems will be DLAs.
Detection probability of nebular emission lines in strong Mg ii systems
The detection of the nebular emission from the Mg ii systems not only depends on the emission line flux but also on (i) the flux of the background quasar, (ii) the dust attenuation of emission-lines in the host galaxy and (iii) the bias due to fibre size effects, as discussed above. Here, we compute the fraction of (Comparat et al. 2016) . First, we find the number of sightlines suitable for detecting the [O ii] line with a given luminosity threshold at 4σ level by integrating the error spectra across the expected location of [O ii] doublet, typically comprises of ∼ 12 pixels. Further, the fraction of systems is computed as a ratio between the number of Mg ii systems with [O ii] emission above a given luminosity threshold to the total number of Mg ii systems for which such a line is detectable.
In Fig. 9 we show the detection probability the detection probability of nebular emission lines increases with the strength of the W2796. The fraction of Mg ii systems detected in emission for various luminosity thresholds (in column 1) are listed in the column 2 and 3 of Table 3 . It is also clear from the table that the fractional detection of [O ii] in Mg ii systems is higher for the low luminosity threshold. Last column in Table 3 , gives the expected detection rate in the case of SDSS-DR12 if one scales the detection rate in SDSS-DR7 by the ratio of projected fibre areas. This is much higher than the actual rate we find for SDSS-DR12. The difference can be reduced if we consider the nebular line emitting regions to be extended and the fibre size does affects the observed luminosity as we discussed in Section 3. Furthermore, in Fig. 10 we show the detection probability of nebular emission from strong (W2796 1Å) Mg ii systems as a function of redshift for a luminosity threshold of 0.3 L
. A rise in the detection probability of nebular emission as a function of redshift is clearly seen. This is expected from the increasing projected area of fibre with z which leads to high probability for the line emitting regions to come inside the fibre. Interestingly, in an effort to model the effect of finite fibre size López & Chen (2012) have shown that the fraction of systems for which the absorbing galaxy will give rise to [O ii] emission in QSO spectra increases as a function of W2796 and will depend on the fibre size. They showed that the detection fraction increases from ∼50% for W2796> 1Å to ∼90% for W2796 > 3Å when no limiting flux condition is applied. This is what one expects based on the known W2796 versus ρ anti-correlation. While what we observe is consistent with the trend presented by López & Chen (2012) the actual detection fraction we find is much less than their model prediction because of the high luminosity threshold (i.e., 0.3L
Here, we also find, for a given luminosity threshold, the [O ii] detection rate in Mg ii systems is higher in the SDSS-DR7 spectra than in the SDSS-DR12 spectra (see Fig. 9 ).
In Fig. 11 , we compare the median SN R measured over all pixels in the r-band to the QSO r-band magnitude for all the QSO spectra from SDSS-DR12 searched here for the nebular emission and hosting a Mg ii system with W2796 1Å. A KS − test does not show any statistical difference between the r-band magnitude distributions of the two populations with PKS = 0.23. In addition, no difference is seen between the SN R of the two population with PKS = 0.67. Thus it appears that that the quasar brightness does not impact the detectability of [O ii] nebular emission for systems with W2796> 1Å (see also, Noterdaeme et al. 2010 ). 
The [O ii]λλ3727,3729 luminosity:
Results presented in the last two sections suggest, (1) our measured [O ii] nebular line luminosity is an underestimation of true luminosity, (2) this bias depends on redshift, and (3) the probability of [O ii] detection in Mg ii systems increases with W2796 and z. Keeping these in mind in what follows we study different properties of our Mg ii systems with [O ii] nebular emission.
In Fig. 12 we compare the distribution of measured [O ii] luminosity of Mg ii absorbers detected in SDSS-DR7 and SDSS-DR12 spectra with the [O ii] luminosity functions of galaxies at z = 0.65 from Comparat et al. (2016) . Note that, our measured luminosities could very well be lower limits as we do not apply any correction for the dust reddening and the emission line fluxes are affected by fibre losses. Our Based on the [O ii] luminosity we derive the SFR using prescription given by Kennicutt (1998) :
In Fig. 13 we plot L [O II] versus W2796 and show the SFR for individual absorbers in the left side ordinate. Bouché et al. (2007) found 67% of galaxies associated to the Mg ii absorbers with W2796> 2Å have SFR in the range 1 − 20 M⊙ yr −1 at z ∼ 2 based on the Hα emission having impact parameter in the range 2 − 54 kpc. We note that about 64% Mg ii systems in our sample have W2796 > 2Å and SFR > 1 M⊙ yr −1 . This percentage should be consid- ered as a lower limit as our flux measurements are affected by fibre size effects discussed above.
L [O II] versus W2796 correlation ?
In this section, using our direct detections we investigate the origin of the strong correlation seen between W2796 and associated [O ii] luminosity seen in the stacking analysis of Mg ii absorbers (Noterdaeme et al. 2010; Ménard et al. 2011) . It is important to note that the same fibre size bias affects both these measurements. In Fig 13, right panel we assume area to be the average effective area of the galaxies at the corresponding absorber redshift. In this figure we also show the relationship found by Ménard et al. (2011) . The surface star formation rate (Σ sfr ) derived from Σ [O II] are also indicated in the right ordinates of both the panels. It is clear that our direct detections do not follow the trend seen in the stacked spectra. A simple correlation analysis suggests that the correlation could at best be at the level of ∼ 2σ. A similar dependence is seen when we compare the W2796 with Σ [O II] , obtained by considering the area of the galaxies at the corresponding absorber redshift. As discussed in Section 3, the observed luminosity can be affected by the fibre size effects that are also redshift dependent.
To see if the above found mild correlation is driven by W2796 or not, we divide the sample into three redshift bins of 0.35 z < 0.5 and 0.5 z < 0.7, and z 0.7. It is clear from the figure that for a given W2796, systems at high redshift show the higher Σ and z abs with a null probability of p null = 10 −11 (significant at 5.7σ) and ∼ 10 −22 (significant at 8.1 σ), respectively. This could be a real redshift evolution of the [O ii] luminosity; or some observational artifact due to (i) luminosity bias for a given flux threshold as a function of z (as discussed in Section 3); (ii) the constant fibre size corresponding to more projected area at high z. We explore these one by one.
In Panel (a) of Fig. 15 , the dashed line shows the expected luminosity for the observed flux of 10 −17 erg s −1 cm −2 , corresponding to the minimum luminosity seen in our sample at z = 0.4. This line provides a nice lower envelope to the observed luminosity at z < 0.7. In the same panel the dot-dashed lines show the expected luminosity of 0.15 and 0.7L
as a function of z using the redshift evolution of field galaxies luminosity function of Comparat et al. (2016, see their Table 7 ). While this luminosity range encompasses the observe luminosity at z < 0.6 (barring one system), at high z there are much more galaxies brighter than the 0.7L ⋆ [O II] galaxies. As discussed in Section 3, lower the redshift higher will be reduction in the measured luminosity compared to the actual luminosity due to fibre effects. Thus, the dominant factor for this L [O II] -z relationship explored in the plots could be the redshift dependence of the fiber losses. In addition, the lack of low luminosity detections at high-z is probably biased due to the observing strategy in SDSS-DR12 where to maximize the flux in the blue part an offset was applied to the position of the quasar target fibres to compensate for atmospheric refraction (see also Pâris et al. 2012) .
We can account for the relative increase in characteristic luminosity of galaxies as a function of z by scaling down the observed (Comparat et al. 2016) . The scaled luminosity is shown in the panel (b) of Fig. 15 . The Spearman rank correlation test finds a correlation with rs(SDSS − DR7) = 0.48 and rs(SDSS−DR12) = 0.45 between L [O II] and z abs with a null probability of p null = 10 −3 (significant at 3.6σ) and ∼ 10 −8 (significant at 5.3σ), respectively. This indicates that the above correlation is not dominated mainly by the redshift evolution of luminosity. This once again confirms that the fibre size effect is a dominant effect. In summary, as shown by the field galaxies, [O ii] luminosity of our Mg ii absorbers are higher at higher z. The correlation remains even after we account for redshift evolution of L [O II] . Therefore, we conclude that the strong correlation seen between L [O II] and z seen in our sample (as well as stacked spectra in the literature) is influenced substantially by the redshift dependent fibre losses.
[O iii]/[O ii] and [O iii]/Hβ nebular line ratio :
The Nakajima & Ouchi 2014; Steidel et al. 2014; Kewley et al. 2015; Khostovan et al. 2016) . This implies that typical galaxies at high redshifts have higher ionization parameter, 
lower metallicity, harder stellar ionizing radiation field and higher electron densities compare to those of local galaxies. The direct detection of nebular emission lines from Mg ii absorbers allows us to explore their physical conditions. We assume that the nebular line ratios do not depend on the fibre size used in the SDSS-DR7 and SDSS-DR12 spectra. Therefore, while studying the emission line ratios we have combined the SDSS-DR7 and SDSS-DR12 sample of Mg ii absorbers with nebular emission. Fig. 16 ). While computing the line ratios for cases where the [O iii] or Hβ line is not detected we use the 3σ upper limits. In addition, we have excluded systems for which both the lines are not detected. In Fig. 16 the limits are shown as (arrows) and the detections ( 3σ) are shown with circles. For a subset of galaxies with firm detections we detect a significant correlation between the [O iii]/[O ii] line ratio with z, with a Kendall's rank correlation coefficient (r k ) of 0.3 with null probability p null = 0.006 which is significant at ∼ 2.7σ level assuming Gaussian statistics. A similar correlation is seen for our entire sample with r k =0.2 and null probability p null = 0.0007 where we include the upper limits as censored data points and perform survival analysis using the 'cenken' function in the 'nada' package of r . This suggests that the of redshift evolution of nebular line ratio in [O ii] detected Mg ii systems follows the trend shown by the field galaxies. However, we do not find any correlation between [O iii]/Hβ line ratio and z with r k = −0.008, −0.02, and p null = 0.87, 0.77 for the entire sample as well for the clear detections.
Next, we compute the average line ratio using the composite spectrum obtained for the systems with [O ii] detections in SDSS-DR12. To generate the composite spectrum, an individual spectrum is shifted to the rest-frame of the Mg ii absorber while conserving the flux and rebinning on to a same logarithmic scale of a pixel to wavelength used in the SDSS (Bolton et al. 2012 ). Each spectrum is subtracted with the best-fit principle component analysis (PCA) continuum model of Bolton et al. (2012) and the residual spectra is combined together using a median statistics (see also, Joshi et al. 2017) . Note that, for most of the Mg ii systems detected in emission, with redshift range of 0.4 − 1.1, the [O iii] and Hβ lines fall in the region affected by poorly subtracted sky emission lines. Therefore, to avoid any contamination from sky residuals we have generated two sets of composite spectra by considering the entire sample with upper limits and another with excluding the systems with upper limits for [O iii]. We divide our sample into two redshift bins of 0.36 − 0.65 and 0.65 − 1.10, consists of about 49 and 74 galaxies per bin in the composite spectra including upper limits. The number of galaxies over the above z-bins reduces to 34 and 42 respectively if we consider the systems with only clear detections. Table 4 . Redshift evolution of line ratios, metallicity and ionization parameter of Mg ii absorbers. /Hβ ratio in a composite spectrum of low-z (i.e., z < 0.35) galaxies, detected in the nebular emission lines in fibre spectra of a background quasars without a prior knowledge of the absorption (see e.g., Straka et al. 2015) . It is clear from Fig. 16 Table 4 ). The above trends indicate that the nebular emissions seen in Mg ii systems in our sample follow the trends shown by the general population of normal star-forming galaxies.
In a stacking analysis of galaxies between 0.2 < z < 0.6 from the SHELS galaxy redshift survey, Kewley et al. (2015) have studied We measure the gas phase metallicity (Z) and ionization parameter (q) of the ionized nebula using the izi (Inferring metallicity and ionization parameters) code described in Blanc et al. (2015) and assuming the photoionization model results of Levesque et al. (2010) . The Z and q for the three z bins are listed in column 5 and 6 of Table 4 . A typical metallicity of Mg ii systems over a redshift range of 0.1 z 1.1 is found to be sub-solar with log Z = 8.3.
In Fig. 16 
Velocity width of emission and mass of
Mg ii absorbers
In this section, we study the kinematic properties of Mg ii systems in our sample. The velocity widths (deconvolved for the instrumental broadening) of [O ii]λλ3727, 3729 doublet (i.e., σ [O II] ) is found in the range of ∼ 17 ± 16 km s −1 to 194 ± 72 km s −1 in SDSS-DR7 and 6 ± 11 km s −1 to 198 ± 91 km s −1 in the SDSS-DR12 spectra with an average σ [O II] of ∼ 75 km s −1 . This is similar to a typical velocity dispersion found in the SDSS galaxies (Oh et al. 2011) . The KS − test does not indicate any differences between the σ [O II] in SDSS-DR7 and DR12 with p null = 0.23. We also measure the velocity shift (|∆v|) between the absorption and emission redshift for each system. These values are found to be typically < 70 km s −1 . Now we compare the σ [O II] and (|∆v|) with the other parameters of the systems.
In panel (a) of Fig. 17 we look for the dependence of σ [O II] as a function of redshift of the Mg ii absorbers. For the systems detected in SDSS-DR7 fibre spectra a Spearman rank correlation test finds a correlation with rs(SDSS-DR7) = 0.41 and null probability p null = 0.0008 (significant at ∼ 3.2σ). However, no such correlation is seen between σ [O II] and z for the systems detected in SDSS-DR12 with rs(SDSS-DR12) = 0.09 and p null = 0.3. For comparison when we use field galaxies from MPA-JHU SDSS-DR7 catalog we find no correlation between z and σ [O II] at > 1.5σ. can be treated as a proxy to the underlying galaxy mass than the above result suggests that there is no one to one correspondence between W2796 and mass of the host galaxy.
We also compare the relative velocity shift (|∆v|) between absorption and emission line as a function of W2796 in panel (c) of Fig. 17 . The Spearman rank correlation test finds no correlation at > 2σ between W2796 and |∆v| in the SDSS-DR7 and DR12. The maximum |∆v| is found to be ∼ 70 km s −1 . Even though there is no correlation present it is interesting to note that systems with W2796> 4Å have larger |∆v|. Further, in panel (f) of Fig. 17 we show the dependence of |∆v| on redshift. For the Mg ii systems detected in SDSS-DR7 spectra the |∆v| shows a correlation with z with rs(SDSS-DR7) = 0.47 and p null = 0.0001 (significant at 3.6σ). However, no such correlation is seen for the Mg ii systems detected in SDSS-DR12 spectra with rs(SDSS-DR12) = 0.05 and p null = 0.60.
In panel ( 3Å. In addition, 2 systems are having 2.5 W2796 < 3.0Å and 4 systems with 1 W2796 < 2.5Å. As these systems are predominantly ultrastrong Mg ii absorbers, they may be produced in the outflows from the galaxies Gauthier 2013) . The fraction of ultrastrong Mg ii absorbers with |∆v| > σ [O II] is found to be ∼ 18% (i.e., 8 out of 43 systems). However, these galaxies do not show signatures of high SFR. In order to draw a firm conclusion on winds we need high resolution spectra that will resolve the velocity profiles of absorption line Ho et al. 2017) . Next, by using the width of [O ii] line we measure the dynamical mass (M dyn ) of the Mg ii absorbers using,
Here, C is a geometric correction factor that can vary depending on the assumed shape and orientation of the galaxies, r ef f is the effective half-light radius, and G is the gravitational constant. We have used C = 3 similar to Maseda et al. (2013) . The r ef f is computed from the scaling relation of r ef f versus z for the star forming galaxies by Paulino-Afonso et al. . The Mg ii systems in our sample probe a range of dynamical mass with log M dyn (M⊙) = 8.8−11.0 and 7.9−10.0 with a median of ∼ 10.0 and ∼ 9.9 in the SDSS-DR7 and SDSS-DR12, respectively. Note that, the above dynamical masses represent a lower limit on the mass as the measured σ could suffers from finite fibre loss. In summary, we find that the Mg ii systems with [O ii] emission in our sample share similar properties like normal galaxies with typical line width of ∼ 75 km s −1 and dynamical mass of, log M dyn (M⊙) ∼ 9.9. In addition, most of the absorbers seem to be bound to the host galaxy.
W2796 versus impact parameter:
It has been firmly established that the rest-frame equivalent width of Mg ii absorption is anti-correlated with the impact parameter, ρ (Bergeron & Boissé 1991; Steidel 1995; Chen et al. 2010a; Rao et al. 2011; Nielsen et al. 2013b,a) , albeit with a large scatter. Recently, using a sample of 182 galaxies having impact parameters of ρ 10 kpc, Nielsen et al. (2013a,b) have shown a 7.9σ anti-correlation between W2796 and ρ which is well represented by a loglinear relation of log W2796= (−0.015 ± 0.002) × ρ + (0.27 ± 0.11). However, a considerable scatter is seen in the data which may be related to the galaxy luminosity, where more luminous galaxies have larger W2796 at a fixed ρ (see, Nielsen et al. 2013b; Churchill et al. 2013) . Furthermore, using ∼7 spectroscopically confirmed low redshift (z ∼ 0.1) galaxies Kacprzak et al. (2013) have shown that anti-correlation between W2796 and ρ is maintained even at low impact parameter of 6 kpc .
Here, we explore the W2796 versus ρ correlation at low impact parameters over a large redshift range of 0.3 z abs 1.1. Note that, for the Mg ii systems at 0.3 z abs 1.1, the fibre diameter of 3 and 2 arcsec ensures a close starforming galaxy within an impact parameter of 8.1−12.3 kpc Figure 18 . Mg ii equivalent width versus impact parameter (ρ) for the systems detected in nebular emission (star ). The spectroscopically identified Mg ii galaxies from MAGiiCAT survey are presented as open circle, whereas those with upper limits on absorption are shown with downward arrows. The hexagons (green) show the seven Mg ii galaxies detected at impact parameters of 6kpc by Kacprzak et al. (2013) at z < 0.1. The pink, dashed curve is the power law fit obtained by Chen et al. (2010a) . The solid curve is a log-linear maximum likelihood fit given by Nielsen et al. (2013b) while dotted curves provide 1σ uncertainties in the fit. The inset shows the ρ distribution for the Mg ii absorbers with W 2796 1Å. The solid cure represents the skewed Gaussian fit to the ρ distribution. and 5.4 − 8.2 kpc, respectively. In Fig 18 we show the distribution of W2796 and ρ for our sample in the W2796-ρ plane. The circle and upper limits are for the absorbers and non-absorbers from the spectroscopically identified galaxies hosting Mg ii absorbers compiled in the MAGiiCAT (Nielsen et al. 2013a,b) . We also show a best-fit power law from Chen et al. (2010a) , as a dashed curve. At a fixed impact parameter of ∼ 5 and 10 kpc the above log-linear relation by Nielsen et al. (2013a) −0.5Å , respectively. The median W2796 probed in our sample is found to be 2.23 and 2.32Å for SDSS-DR7 and SDSS-DR12 data set, respectively. It is clear from Fig. 18 that majority of the points lie above the loglinear relation of W2796 versus ρ.
Next, we estimate the average W2796 of Mg ii systems expected in our case by assuming the above two functional forms for W2796-ρ relation and associating an impact parameter dependent detection probability of Mg ii systems as:
Here, W(ρ) is W2796-ρ relation, ρmax is the maximum impact parameter, taken as a projected fibre radius of 10 kpc at a median redshift of 0.65 for the 3 arcsec SDSS-DR7 fibre. p(ρ) is impact parameter dependent detection probability of Mg ii absorber which is defined as p(ρ) = ρ 0 2πρdρ/πρ 2 max , assuming a spherical halo. Using eq. 4 and the best fit loglinear and power-law relations for W2796-ρ we find an average W2796 up to ρ ∼ 10 kpc to be 1.4 +0.6 −0.4Å and 2.1 +0.4 −0.3Å , respectively. However, if we consider the impact parameter corresponding to a 2 arcsec fibre used in SDSS-DR12 at median redshift, i.e., of ∼ 7 kpc, the W2796 for above two models are found to be 1.6 +0.5 −0.4Å and 3.2 +0.5 −0.4Å . The median value found for our sample, while consistent with these average values within 2σ, is closer to the power-law prediction.
Furthermore, using the ρ distribution of spectroscopically confirmed strong, W2796 1Å, Mg ii absorbers from MAGiiCAT (i.e. ∼ 40 systems) along with the seven systems from Kacprzak et al. (2013) we computed the detection probability of strong Mg ii absorbers within impact parameter of 8 kpc (a typical projected size of SDSS fibre). The distribution of the ρ is shown in the inset of Fig. 18 . We have modelled the ρ distribution with a skewed Gaussian (see the solid curve in Fig. 18 ) and compute the probability of strong absorbers being less than 8 kpc to be ∼ 11%. The detection probability further increases to ∼25% if we consider the systems with W2796 2Å. Recall that, about 95% of strong Mg ii systems in our sample do not have [O ii] nebular emission detected in SDSS fibres above the detection threshold. Therefore, the above larger probability of strong Mg ii absorber being at smaller ρ ( 8 kpc) than the ∼ 1 − 3% detection rate of nebular emission lines from Mg ii absorbers (see, Fig.9 ) either related to large intrinsic spread in ρ at a given W2796 or a large spread in L [O II] at a given W2796.
CONCLUSIONS
Using the Mg ii absorbers found in SDSS-DR7 and SDSS-DR12 spectra we have complied a sample of ∼ 198 Mg ii systems with detectable nebular emission lines over a redshift range of 0.36 z abs 1.1. By studying the absorption and emission line properties of this unique set of Mg ii systems we derive the following results :
(1) The Mg ii absorbers in our sample are found to be mostly sub-L ⋆ with luminosities ranging from 0.14 − 3.5 L A typical SFR of the Mg ii systems uncorrected for dust reddening and fibre losses are found to be in the range of 0.5 − 20 M⊙ yr −1 . We show that our data suffers from finite fibre size effects and all the above quoted values should be considered as lower limits.
(2) The nebular emission is preferentially detected in the strong Mg ii systems, i.e, ∼ 96% of systems are having W2796 1Å, with a mean W2796 of ∼ 2.3Å. The detection rate of nebular emission from Mg ii absorbers with W2796> 2 A and L [O II] 0.3L ⋆ is found to be very small at 3% and 1% in the SDSS-DR7 and DR12 spectra, respectively. We find the detection probability to depend on the W2796, where larger W2796 systems show higher detection rate. Furthermore, the detection rate increases with the size of the fibre aperture (see Figure 9 ). For a given W2796, the detection rate of nebular emission increases with increasing z.
(3) In contrast to the strong correlation seen between W2796 and Σ [O II] obtained from the stacked spectra, our Mg ii systems with nebular emission do not show any statistically significant correlation between Σ [O II] and W2796 even when we restrict ourselves to narrow z ranges. We conclude that the correlation observed in the stacked spectra are dominated by the increase in nebular line detection probability with W2796. In addition, we find that Σ [O II] is strongly correlated with redshift. This is also dominated by the fibre size effect where at higher redshifts the projected size of the fibres will cover a larger fraction of galaxy area than for galaxies at low redshifts.
(4) We have found that the physical conditions in galaxies in our sample evolve with redshift. A rise of ∼ 0.2 dex in the nebular emission line ratio of [O iii]/[O ii] and [O iii]/Hβ is seen over a redshift range of 0.1 z 1. This is similar to what is seen in normal galaxies at this redshift range. From the well known stellar mass dependence on the line ratio we suggest that the Mg ii absorbers likely belongs to the population of low stellar mass galaxies with a typical stellar masses in the range 9.2 < log(M/M⊙) < 9.4.
( and |∆v| we show that most systems are well within the regime where gas is bound to the host galaxy. In addition, the Mg ii absorbers probe the galaxies with range of dynamical mass, i.e., log M dyn (M⊙) = 7.5-10.8.
(6) We show that Mg ii systems follow the well known relationships between W2796 and impact parameter even at small impact parameters. A comparison of their W2796 distribution with that of the Milky Way shows that the GOTOQs are most likely produced in the ISM+halo of their host galaxy. Hence, these systems are ideally suited for probing various feedback processes at play in z < 1 galaxies. In addition, by comparing the doublet ratio (DR) and R parameter of strong Mg ii absorbers with and without emission line detection we find that most of the GOTOQs have large R values and DR ∼ 1. Therefore, good fraction of these systems could be DLAs.
